The possible formation of two-dimensional (2D) magnetic bi-excitons composed of two 2D magnetoexcitons with electrons and holes on the lowest Landau levels (LLLs), with opposite centerof-mass wave vectors k  and k   and with antiparallel electric dipole moments perpendicular to the corresponding wave vectors was investigated. Two spinor structures of two electrons and of two holes were considered. In the singlet-singlet state the spins of two electrons as well as the effective spins of two holes create the combinations with the total spin 0 S  and its projection on the magnetic field 0. wave functions depending on | | k  and describing the relative motion of two magnetoexcitons inside the molecule were used. It is shown that in the LLLs approximation the stable bound states of bimagnetoexcitons do not exist. A metastable bound state for the triplet-triplet spin configuration a metastable bound state with the orbital wave function, having the maximum on the in-plane ring was revealed. The metastable bound state has an energy activation barrier comparable with the magnetoexciton ionization potential and gives rise to the new luminescence band due to the metastable bi-exciton-para exciton conversion with the frequencies higher than those of the para magnetoexciton luminescence line.
Introduction
In the present paper we consider the interaction of 2D magnetoexcitons and the possibility of The Coulomb e-h interaction gives rise to the magnetoexciton formation, and we assume that electrons and hole occupy the lowest Landau levels (LLLs). The Lorentz force gives rise a strong dependence between the relative and the center-ofmass motions of the e-h pair. As a result the value of ionization potential of the magnetoexcitons l I , which depends on the wave vector  k , is smaller than the cyclotron energies. The magnetic mass and the dispersion law of the magnetoexciton originate from the Coulomb e-h interaction. For the magnetoexciton with 0 k  , the electron and hole LQ orbits in Landau gauge description have the same gyration points and the same radii. Therefore, such magnetoexciton looks as a neutral bound particle. For the first time Lerner and Lozovik [1] have shown that magnetexcitons with 0 k  does not interact in the LLLs approximation forming an ideal Bose gas, which was confirmed by more detailed studies [2] [3] [4] . On the contrary, the magnetoexcitons with 0 k  have a structure of an electric dipole (shown in Fig.1 ), since in this case the electron and hole orbits do not overlap. The arm of such dipole In the present paper we investigate the possibility of a bound state of the magnetic bi-excitons.
We consider the bound state of two magnetoexcitons moving with in-plane wave vectors k  and k   forming two electric dipoles with antiparallel dipole moments with the total wave vector equal to zero. The relative exciton-exciton motion is described by the variational Gaussian-type wave Gaussian-type wave functions. Besides, it allows analytical analysis of the problem in question.
The possibility of the formation of bound states essentially depends on mutual orientation of the spins of two electrons and of two holes. We consider the singlet-singlet and triplet-triplet states. In the first case two electrons and two holes are separately in a singlet state with the resultant spin 0 S  and its projection on the magnetic field 0.
z S  In the second case the total spin of the system is 1 S  and 0.
z S  We will show that due to the hidden symmetry the stable bound states of the bi-magnetoexcitons do not exist in the LLLs approximation, there is a metastable bound state with considerable energy activation barrier.
The holes taking part in the formation of magnetoexcitons can appear not only in the valence bands of the single or double quantum wells, but also in the case of the two-dimensional electron gas (2DEG) with conduction electrons on the Landau quantization levels with filling factors 1.
 
The quantum transitions from the filled Landau levels in the next empty Landau levels gives rise to the free electrons in the empty levels and to free holes in the filled levels. This problem was studied by Kallin and Halperin [5] for the conditions of the integer quantum Hall effects (IQHEs) and spinless electrons. Eisenstein and Mac Donald [6] investigated the formation of magnetoexcitons for the case, when electrons are injected in two-layer structure with the filling factor 1 2   . Wojs and coauthors [7] [8] [9] [10] have considered the spin waves when excitations take place with the reversing of the spins between the Zeeman splitted levels. In both cases the Landau quantization and Coulomb interactions are the same. In Refs [5] [6] [7] [8] [9] [10] [11] the authors pointed on the similarity and even an exact mapping between two-spin and two-charge 2D systems.
Bychkov and Rashba [12] have studied the necessary conditions for the formation of 2D magnetic bi-excitons and they pointed that the asymmetry of the Landau quantization states of the electrons and of the holes is needed. The asymmetry formulated in Ref. [12] means, that some or all matrix elements of the electron-electron (e-e), hole-hole (h-h) and electron-hole (e-h) interactions must coincide to avoid the hidden symmetry of the electrons and of the holes. The e-h asymmetry in the Hamiltonian alters qualitatively the behavior of the bipolar system and can lead to the formation of the magnetic bi-excitons and possibly of the polyexcitons [12] . In this case the scattering amplitude of two magnetoexcitons diverges, when their relative velocity decreases and the formation of the magnetic bi-excitons becomes possible. This condition was obtained for the stable bound states of spinless particles and do not exclude the formation of metastable bound states at some spin structure of two electrons and of two holes. We have shown previously [13] that the influence of the external electric field perpendicular to the layer and the Rashba spin-orbit coupling (RSOC) remove the hidden symmetry leading to the interaction of two magnetic bi-excitons with wave vectors 0 k  , so that making possible bound states of the magnetic bi-excitons. We will show that only a metastable bound state exists, which is of considerable interest since a new luminescence band can appear due to the radiative annihilation of one magnetoexciton taking part in the bound state. But instead of the usual luminescence line arising in the absence of a strong magnetic field due to the bi-exciton-exciton conversion on the energy scale at smaller energies than the exciton-luminescence line, the new luminescence band will be situated at the energies greater than the magnetoexciton luminescence line.
The bi-excitons in 1 In Ga As / GaAs x x  quantum wells in high magnetic fields were investigated experimentally using the four-wave mixing method [17] . Surprisingly, it was found that the bi-exciton binding energy does not depend on the magnetic field strengths up till 8T, which strength is not sufficient to deal with the magnetic excitons and bi-excitons. 
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The interaction coefficients depend only on the difference ( p q  ) in for the electron-electron (e-e) and the hole-hole (h-h) interactions, and on the sum ( p q  ) for the electron-hole (e-h) interactions.
The magnetoexciton creation operator, which was introduced in [3] and later used in [4, 13] with spin labels, is
,
Here ( , ) The wave function of the magnetoexciton looks as , , 
The wave function of the quasi bi-magnetoexciton with wave vector 
Here we took into account that the electron-hole exchange interaction is neglected in the Hamiltonian (2) and (3). Below we will suppose that both pairs of spins (  )  1  3 2 , , , 
The chosen variational wave functions of the relative motion in the momentum and in the real space (8 ) ; 
Binding energies of the bound states of the two interacting magnetoexcitons
The expectation values of the Hamiltonian (3) averaged over the wave functions (8), which is characterized by the wave vector 0 k   , by two values of 1    , and by the variational wave 
and the derivatives of the Bessel functions   n I z and ( ) n J z of the integer order were used [20] [21] [22] .
The second term in the right hand side of the average value (12) can be transcribed in the following way 
The third term in the right hand side of (12) can be written as 
.
The first term in the average value (12) 
Here l I is the ionization potential of the 2D magnetoexciton with wave vector
The expressions (14)- (16), as well as the denominator (10) Since the denominator has small values at some parameter  , the analytical calculations are helpful. In this case the small deviation of the numerator in the expression (11) from its exact values could lead to wrong conclusions concerning the bound states.
The electron structure of the bound states
The most interesting results concern the function 2 ( ). where the singularity appeared due to the zero value of the denominator.
The obtained results can be better understood taking into account the dipole-dipole interactions in 2D e-h systems formulated by Wojs and coauthors in the Refs [7] [8] [9] [10] in the case of two spin waves, as well as by Olivares-Robles and Ulloa [11] in the case of magnetoexcitons with spatially separated electrons and holes. In the case of two spin waves discussed in [7] , the numerical diagonalization method in the Haldane geometry ) of the particle in these conditions equals to 2.5 ps. Both values bl N and tun P increase with the increase of the magnetic field strength, whereas the lifetime  decreases.
Conclusions
The bound states of the 2D bi-magnetoexcitons formed by two magnetoexcitons with opposite wave vectors and with antiparallel electric dipole moments in the singlet-singlet and in the triplet-triplet spin structures were investigated in the lowest Landau levels approximation. It is shown that the stable bound states do not exist due to the hidden symmetry of the electron-hole system. At the same time a metastable bound state in the triplet-triplet spin configuration with an effective energy activation barrier comparable with 2 l I was revealed. The coefficient of the tunneling transparency T of the effective barrier was estimated for the hypothetical particle with the mass  equal to one half of the magnetoexciton magnetic mass ( ) M B . It happens to be of the order It is interesting to note a certain similarity in the formation of the metastable bound state of 2D bimagnetoexciton with a hydrogen molecule in strong magnetic fields. Liberman and Kravchenko [21, 22, 23] have shown that in a strong magnetic field, in the range  can be associated with the alternative excitonic bound state and may explain appearance of "X-line" in the optical spectra of a stressed Ge crystal, observed experimentally in [25] at the magnetic field exceeding 4T
(for the stressed Ge crystal B0=2.9T).
